Chronic rejection is the major cause of graft loss after kidney transplantation. Various immunosuppressive protocols have been used to ameliorate this process. We investigated whether cyclosporin A-(CyA) or azathioprine-(Aza) based immunosuppression is better able to slow the progression of chronic rejection.
mg/kg) (C+P), Aza (2 mg/kg)+pred (A+P), vehicle+pred (P), or vehicle alone (controls) (n=8/group).
Proteinuria was regularly assessed and grafts were harvested for morphological, immunohistological, and molecular biological analysis at week 24. By week 12 proteinuria had increased to significant levels. At week 24, proteinuria was significantly lower and creatinine clearance was significantly higher in C+P and A+P, than in P or controls. Morphological analysis supported these functional results: at week 24, glomerulopathy, tubular atrophy and intimal proliferation (as assessed according to the BANFF score)
were less pronounced in C+P and A+P, as compared with P or controls. These morphological parameters were accompanied by a reduced infiltration of ED-1+ macrophages and CD-5+ T lymphocytes. In P or controls the synthesis of IL-2R[alpha] mRNA was markedly elevated at this time. In parallel to the reduced cellular infiltration, IL-2R[alpha] mRNA expression was markedly inhibited, both, in C+P and A+P. There were no significant differences between C+P and A+P regarding the parameters studied. In conclusion, both C+P and A+P reduced the infiltration of activated T lymphocytes, and the pace of chronic kidney allograft rejection. The outcome of C+P and A+P based therapy did not differ significantly.
Despite a 1-year graft survival of 80-90% in most transplant centers, renal transplantation has not reached its potential as a permanent treatment of chronic renal failure (1) . Chronic rejection is the predominant reason for late graft loss (2) . Although the introduction of cyclosporin A has improved short-term graft survival, the mean half-life of cadaveric kidney grafts did not change over the last two decades (3, 4).
The rate of attrition observed in cyclosporin A-treated patients closely mirrors that of the chronic decline common to azathioprine-treated ones (5, 6) . The factors influencing this process are ill defined.
In chronic rejection, the involvement of both alloantigen-dependent and independent factors has been hypothesized (2) . The extent to which these mechanisms participate in the progression is not yet understood. As IL-2R positive lymphocytes were constantly detected in chronically rejecting kidneys (7, 8) , they may determine the pace of chronic rejection (3, 4) stressing the importance of alloantigendependent events.
Both cyclosporin A-and azathioprine-based therapy aims to suppress immune responses to the alloantigen (5) . However, the effect on long-term outcome of these drug regimens has not been established (9) .
Some clinical studies suggested beneficial effects of conversion from azathioprine-to cyclosporin-based therapy (10, 11) . Other studies suggested a beneficial effect of a conversion from cyclosporin A to azathioprine (12, 13) . Pabico et al. (4) expressed some concerns regarding the use of cyclosporin A in chronic renal allograft rejection in general.
The long term use of prednisolone has also been recently discussed. Opelz (14) reported that induction therapy with a steroid-free cyclosporin regimen, as well as steroid free maintenance therapy resulted in significantly better 5-year graft and patient survival, than steroid containing regimens (14) . However, it has to be considered that only those patients who have a stable graft function are likely to be weaned off prednisolone. Therefore it is safe to assume that the patients reported are a positive selection.
To evaluate the necessity of continuous cyclosporin, azathioprine, or prednisolone therapy, we studied whether the pace of chronic kidney allograft rejection can be influenced by either drug regimens.
MATERIALS AND METHODS

Experimental animals.
Naive male inbred Lewis (LEW) and Fisher (F-344) rats weighing 190-250 g were used throughout the experiment. All animals were obtained from Charles River, Munich, Germany, housed under standard conditions, and received rat food and water ad libidum.
Renal transplantation.
Fisher rats served as donors and Lewis rats as recipients. Transplantation was performed as previously described (15) . Briefly, the left donor kidney was perfused with 4°C cold ringer lactate, removed, and positioned orthotopically into the recipient, whose renal vessels had been isolated, clamped, and the left native kidney removed. End-to-end anastomosis of renal artery, vein, and ureter were performed using 10-0 prolene sutures. Total graft ischemia was less than 30 min. To prevent infectious complications during the perioperative phase, rats received 20 mg/kg Cephtriaxone (Rocephine) daily during the first 10 postoperative days, at which time the right native kidney was removed.
Experimental design.
Rats received 1.5 mg/kg body weight cyclosporin A (Calbiochem Biochemicals GmbH, Bad Soden, Germany) for the first 10 postoperative days to prevent an initial episode of acute rejection. After day 10, animals were divided into two treatment and two control groups (n=8/group) and received either cyclosporin A (1.5 mg/kg/day)+prednisolone (0.15 mg/kg/day) (C+P), azathioprine (2 mg/kg/day)+prednisolone (0.15 mg/kg/day) (A+P), vehicle+prednisolone (0.15 mg/kg/day) (P), or vehicle alone (controls) on a daily basis from day 11 until the end of the study. Additionally, we added a group of sham operated animals which were treated with cyclosporine A for the first 10 days after operation.
Azathioprine and prednisolone were suspended in NaCl (0,9%) solution, and cyclosporin was suspended in cremophor-ethanol, according to the manufacturer's instructions. Cyclosporin A was administered s.c. throughout the study, whereas azathioprine and prednisolone were administered i.p. for the first month, and s.c. thereafter.
To exclude the influence of body weight on the extent of proteinuria, body weight was matched at the time of operation. Weight differences between the groups, did not reach statistical significance throughout follow-up.
After 24 weeks, rats were anesthetized, and intraaortic blood pressure was measured using a DPT 3003-S/3cc arterial transducer (Peter von Berg Medizintechnik GmbH, Germany). Rats were bled thereafter, and the transplanted kidney was removed. Samples were snap frozen in liquid nitrogen for immunohistological staining and for polymerase chain reaction analysis, or fixed in buffered formalin (4%) for light microscopy.
Routine chemistry.
For protein analysis, 24-hour urine samples were collected every 4 weeks. Urinary protein and creatinine excretion, as well as serum creatinine concentrations were determined with standard methods. The creatinine clearance was calculated at the end of the study. 
Histology and immunohistology.
For histology, kidney tissues were fixed in 4% buffered formalin, embedded in paraffin, and stained with hematoxylin/eosin and periodic acid-Schiff to evaluate the extent of glomerular sclerosis and interstitial fibrosis. Glomerulosclerosis, mesangial matrix increase of glomeruli, tubular atrophy, interstitial inflammation and fibrosis, and vascular intimal proliferation, were quantified according to the chronic allograft damage index (CADI) (16) . Slides were scored in a blinded fashion, semiquantitatively from 0 to 3 (0=no histopathological change, 1: <25%, 2: 25-50%, 3: >50% of the analyzed structures show pathological changes) (16) . Furthermore, the extent of glomerulosclerosis was evaluated. Glomerulosclerosis was defined as a collapse of the glomerular capillaries, adhesion of the obsolescent segment of Bowman's capsule, and the entrapment of hyaline (17) . Slides were scored in a blinded fashion, and the number of glomeruli with sclerotic lesions was expressed as percentage of the total number of glomeruli counted. A minimum of 200 glomeruli per kidney was evaluated for CADI score as well as for glomerulosclerosis.
For immunohistology, cryostat sections (4 µm) were fixed in acetone, and stained individually using alkaline-phosphatase-anti-alkaline-phosphatase (APAAP) technique as previously described (18) 
Reverse transcriptase polymerase chain reaction (RT-PCR).
RNA samples derived from frozen kidneys were prepared by using a guanidine isothiocyanate/phenol/chloroform isolation method (RNeasy, Total RNA Isolations Kit; Qiagen GmbH, Germany) (19) . One µg of total RNA was used for first-strand cDNA synthesis with oligo(dT) [12] [13] [14] [15] [16] [17] [18] as primer under supplier recommended conditions (GIBCO/BRL). Specific complementary cDNA amplification has been previously described (19) . Briefly, specific cDNA products complementary to mRNA sequences of rat IL-2 receptor [alpha] (p55) (CD-25), TGF-[beta] 1 , the A chain of platelet-derived growth factor (PDGF) and
[beta]-actin (Euro Gentec, Köln, Germany) were amplified using the polymerase chain reaction (PCR, 40 cycles) (19) . A master mix containing reaction buffer, magnesium chloride, deoxynucleoside triphosphate, and Taq DNA polymerase (DIANOVA) was set up. Specific primers and sample cDNA were added to each master mix. A Perkin-Elmer Thermal Cycler (model 2400) was used for amplification. The amplified PCR product was electrophoresed on a 1.5% agarose gel, stained with ethidium bromide and gene fragments Data are presented as mean±SEM. Differences between the four groups were assessed using analysis of variation and probability values between treated and control groups were calculated with Student's t test as appropriate. Nonmetric parameters such as the CADI score, and the intensity of staining for ICAM-1 were evaluated with Fisher's exact test for ordinal data (20) . P <0.05 was considered significant.
RESULTS
Functional studies.
In all recipients, proteinuria progressed over time (Fig. 1) . Kidney function was preserved longer in C+P and A+P than in P and controls. Proteinuria of more than 25 mg/24 hr developed in controls and P by week 16, in A+P-treated recipients by week 20 and in C+P treated ones by 24 weeks. By 24 weeks the reduction of proteinuria, both, in the C+P as well as in the A+P group had reached statistcal significance (P <0.05). P alone had no significant effect. The deterioration of renal function further manifested in a decreased creatinine clearance, in parallel to increased serum creatinine levels 24 weeks after transplantation. Immunosuppression both by C+P and A+P improved kidney function: creatinine clearance was significantly (P <0.05) higher, and serum creatinine levels were significantly (P <0.05) lower, in both the C+P and the A+P group as compared with P and controls ( Table 1) . (20) .
In parallel to the decline of graft function, rats were slightly hypertensive at week 24. Mean arterial blood pressure was significantly lower (P <0.05) in C+P and A+P as compared to P and controls (Table 1) . Shamoperated animals did not develop any significant changes over the period observed.
Light microscopy, and immunohistology.
Histological assessment of glomerulosclerosis, correlated with kidney function. In controls 21.9±3.3% of the glomeruli showed sclerotic lesions. Both C+P and A+P treatment significantly (P <0.05) lowered the glomerulosclerosis index. In P the percentage of sclerotic glomeruli did not differ significantly from controls ( Table 1 ).
The additional assessment of leukocyte infiltration, interstitial fibrosis and intimal proliferation according to the CADI score gave similar results. The CADI score in controls was 3.6±0.5. Average glomerulopathy score (sclerosis and mesangial matrix proliferation) was 1±0.1, tubulopathy score was 1.1±0.09, vascular intimal proliferation score was 1.1±0.2, and interstitial inflammation and fibrosis score averaged 0.4±0.09.
Both C+P and A+P treatment significantly lowered the CADI score as compared to controls, whereas P had no effect. Sham-operated animals did not develop any significant changes over the period observed. mRNA was undetectable in these animals (Fig. 3) . P treatment alone did not reduce IL-2 R[alpha] mRNA levels statistically significant as compared to controls (Table 3 ). There was a strong correlation (r=0.98, P <0.001) between IL-2 R[alpha] mRNA levels, and the number of infiltrating CD 5+ T lymphocytes in P and controls (Fig. 2) . Table 3   Table 3 No mRNA expression for IL-2R could be detected in the C + P and the A + P groups. TGF-[beta] 1 mRNA synthesis was up-regulated to a small extent in all animals at week 24. There was no significant difference between the groups at this timepoint. The up-regulation of PDGF-A mRNA did not differ between the groups either (Fig. 3) .
DISCUSSION
Presently, the ill-defined process of chronic rejection is the most important cause of allograft loss after transplantation. Although the introduction of cyclosporin A has improved short-term graft survival, the rate of attrition did not change over the long term (3). Current maintenance immunosuppressive therapy consist of cyclosporin in combination with prednisolone and azathioprine. Unfortunately these agents are associated with significant side effects resulting in posttransplant morbidity and mortality, including toxic injury of the allograft (23) .
Immunohistochemical analysis of renal transplants undergoing chronic rejection revealed an infiltrate of both T lymphocytes and macrophages (18, 24, 25) . Chronic rejection may be the result of a cell mediated immune reaction based on T lymphocyte recognition of the permanently present alloantigen (3, 4), recurrent but self-limiting episodes of acute rejection (26, 27) or alloantigen-independent events. Injury or local hemodynamic factors, such as hyperfiltration, may activate graft endothelial cells resulting in a non-alloantigen-dependent emigration of mononuclear cells into the allograft (17, 28) . As lymphocytes are activated to some degree during extravasation, this suggests an involvement of activated T lymphocytes in chronic rejection.
Cyclosporin A blocks the synthesis of IL-2, although azathioprine inhibits T and B lymphocyte proliferation by interference with purine synthesis (3). Whether these therapeutic agents are beneficial in the process of chronic rejection, is under discussion (9) . Some clinical studies suggested that a cyclosporin-based therapy is superior to azathioprine due to its more pronounced effects upon activated lymphocytes (10, 11) , whereas other studies suggested a beneficial effect of a conversion from cyclosporin A to azathioprine due to the lack of azathioprine-related nephrotoxicity (12, 13) . The long-term use of prednisolone has also been questioned, because of the serious side effects of long-term steroid treatment.
Induction therapy with steroid-free cyclosporin regimen, as well as steroid-free maintenance therapy resulted in significantly more favorable 5-year graft and patient survival, than steroid-containing regimens according to reports of the European multicenter transplant study group (29) . However as stated previously this may reflect a positive selection.
In culture of quiescent human T lymphocytes the IL-2 receptor [alpha]-chain (p55) (30) mRNA is not detectable (3, 31). The synthesis of IL-2R is highly up-regulated on T lymphocyte activation (3, 31). In our rat model, the synthesis of IL-2R was most pronounced in controls. Similar data have been presented by Krams et al. (30) . who demonstrated the presence of IL-2R mRNA in human nephrectomy samples with pathological evidence for chronic rejection (30) . In our study, both C+P and A+P significantly inhibited T lymphocyte infiltration, as well as the expression of IL-2R mRNA in parallel to a reduced pace of deterioration as indicated by functional parameters such as proteinuria or creatinine clearance.
In our study there was no difference in kidney function, morphology, or the expression of molecular markers between C+P and A+P therapy. Thus both strategies seem to be equally effective.
The long-term use of prednisolone in the treatment of renal allografts has been questioned (9, 14) . In our study, prednisolone treatment alone had no effect on cellular infiltration, IL-2R mRNA expression, or allograft function, suggesting that this therapeutic agent might in fact be replaceable in the maintenance therapeutic regime of kidney transplant recipients. However, currently no recipient of graft is ordinarily treated with steroids alone. Furthermore we had no group with cyclosporin or azathioprine alone.
Therefore this question needs further investigations. suggesting that this factor may play an important role in chronic rejection (24, 35 There is a growing body of evidence that in addition to TGF-[beta], PDGF synthesis is important in tissue remodeling such as progressive glomerulosclerosis (37, 38) . Earlier studies suggested, that PDGF-AA might be more important than TGF-[beta] for the later phases of chronic rejection. In this study, PDGF-A mRNA was more expressed, than TGF-[beta] 1 , at week 16, however no differences were observed between the treated and the control groups, suggesting, that the effects of C+P and A+P treatment were not mediated through the inhibition of these growth factors in our study. There was no difference in the expression of PDGF-A or TGF-[beta] 1 mRNA between C+P and A+P either.
In summary, cyclosporin A or azathioprine may reduce the pace of chronic rejection of rat kidney allografts. Neither C+P nor A+P proved to be superior.
